Preliminary Investigation into the Corrosion of

Beryllium Exposed to Celotex and Water

R. Scott Lillard, Mary Ann Hill, Darryl P. Butt

Materials Corrosion and Environmental Effects Lab
MST-6, Metallurgy
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

submitted to:

Doug Kautz

NMT-5
Los Alamos National Laboratory
LosAlamos, New Mexico 87545

February 20, 1997



Executive Summary

lon chromatography of Celotex packing material performed by Lawrence Livermore
National Lab (LLNL) has reveded that this materia contains aggressive anions which may
accelerate corrosion”. Specifically, 0.944g Cl-/kg Celotex and 0.125¢g F-/kg Celotex. Whileit has
been demonstrated that Cl” causes pitting type corrosion of B€, it was uncertain in the LLNL work
if accelerate corrosion would result when beryllium was exposed to Celotex and moisture.

Thisinvestigation attempts to evaluate the potential risk of accelerated Be corrosion from
Ceotex and water (that may occur naturaly from Celotex dust and moisture from the
atmosphere). To accomplish this, a sample of Celotex was ground and then soaked in a volume of
deionized water for several weeks. The resultant supernatant solution was extracted and used for
Be corrosion experiments.

Potentiodynamic polarization curves for Be in the Celotex solution found that Be suffered
from pitting type corrosion at its open circuit potential. When the pitting potential of Bein the
Celotex solution was compared to the theoretical pitting potential for Be in 3.0x10°M CI (as
calculated from the LLNL data), the pitting potential for Be in the Celotex solution was more
negative than the theoretical value. However, IC analysis of the Celotex solution prepared for this
investigation revealed afar higher concentration of CI™ than calculated from the LLNL data. When
actual ClI" concentration determined from the IC analysis was used to establish the theoretical
pitting potential for Be in the Celotex solution the two pitting potentials compared well. In the
analysis of Celotex, the concentration of Cl- was 1.8g Cl-/kg Celotex. For 20 Ibs.(9.1 kg) of
Celotex thereisaminimum of 16.2g of extractable chloride. The actual amount islikely higher.
Similar IC analysis for F revealed that its concentration was 0.9g F/kg Celotex. The difference
between the LLNL and LANL analysis of the ClI” concentration most likely owes to the duration
which the ground Celotex was allowed to soak prior to using it in the corrosion experiments. In
the LLNL IC analysis the large pieces of Celotex were only allowed to soak in solution for 2
hours. Inthe LANL analysis, the Celotex was ground into small pieces and allowed to soak in
solution for approximately 3 weeks.

Microbial, analysisof the Celotex solution found a high concentration of the bacteria
diptheroids bacillus. This bacteriaisan slow growing air borne species that are commonly found.
The high concentration of diptheroids found in the Celotex solution, however, indicates that the
bacteriais able to grow nutrient in the Celotex water. Currently we are examining whether or not
diphteroids bacillus increases the corrosion rate of beryllium.

While preliminary, these resultsindicate that storage conditions which may expose
Beto a combination of Celotex and moisture will result in pitting type corrosion of the Be.
Currently we are investigating the exact atmospheric conditions (i.e. temperature, humidity,
Celotex dust levels) which will result in the pitting corrosion of Be. These studies are being carried
out in an atmospheric corrosion testing chamber to simulate storage conditions. Further studies on
the effect of the other constituentsin Celotex are being carried out in the [aboratory.

! “Extraction Analysis of Celotex Packing Material”, James D. LeMay, Lawrence Livermore National
Laboratory, April 14, 1995.

2 M.A. Hill, R.S. Lillard, D.P. Buitt, “Corrosion / Electrochemistry of Beryllium and Beryllium Weldmentsin
Aqueous Chloride Environments’, LA-UR# 97-116, Los Alamos, October 1, 1996.



Experimental M ethods

The Ceotex packing material analyzed in this investigation was composed of
approximately 80 wt% sugar cane fiber 10% paper and 10% starch. The original specifications call
for agrade of material which complied with ASTM C208 and C209. In order to obtain a
sufficient amount of liquid to run a polarization curve and to insure a much of the water soluble
components in Celotex were extracted, 111 grams of Celotex were soaked in 700 ml of twice
ditilled deionized water for approximately three weeks. A Buchner funnel was used to extract the
supernatant liquid from the Celotex. Of the original 700 ml of water, 250 ml was extracted and
subsequently diluted with 125 ml of deionized water to yield atotal of 375 ml of liquid. The pH of
this solution was 4.0. Approximately 370 ml of this was used for electrochemistry experiments.
This solution was deaerated in high purity argon for three days prior to immersing the sample.
The remaining 5 ml of solution was analyzed for chloride and fluoride using ion chromatography
(IC). Tofacilitate the IC analysis, the solution was diluted prior to analysis (1 part solution to 10
parts deionized water).

Potentiodynamic polarization curves for Be in the Celotex solution were run at a scan rate
of 0.1 mV/sec. A 5.3 Hz low pass filter was used to minimize noise. A saturated calomel
electrode (SCE) was used for the reference electrode and a platinum mesh for the counter
electrode. The S200F beryllium working eectrode had a surface area of 1.43 cm? and was
polished with 400 grit SIC paper prior to testing. Electrochemica measurements were made using
an commercially available hardware and software. To insure steady state, samples were |left at

there open circuit potential for one hour prior to running the polarization curves.

Results and Discussions



The Lawrence Livermore National Laboratory (LLNL) IC analysis of Celotex found that
the concentration of Cl- was 0.94g / kg Celotex. Therefore, the amount of chloride in the Celotex
sampl e after soaking was:

(0.111 kg Celotex)(0.944g CI" /kg Celotex)= 0.105g CI
Theinitial chloride concentration in solution was equal to:

(0.105g CI)/( 0.700L )(1mol/35.5g CI) = 4.2x10°M CI’
However, only 0.250L of this solution was diluted with 0.125 of deionized water giving afinal
concentration of Cl" in the test solution of:

(0.250L)(4.2x10-3M Cl-)(1/0.375L)=2.8x10°M CI°

Similar calculations from the LLNL data found that the F concentration in the Celotex solution to
be 2.9x10*M.

To determine the precise concentration of CI" and F in the Celotex solution IC analysis was
performed here at LANL on the 5 mL aliquot removed prior to testing the Be. The actual chloride
concentration of the solution was determined to be 0.008 M as compared to the 0.0004 M
concentration as determined from the calculation using the LLNL analysis. From the LANL
analysis of Celotex, the CI- was determined to be 1.8g Cl-/kg Celotex:

(0.008mole CI/L)(0.700L)(35.5g Cl/mole)(0.111kg Celotex)-1 = 1.79g Cl'/kg Celotex
For 20 Ibs.(9.1 kg) of Celotex thereisa minimum of 16.2g of extractable chloride. The actual
amount is likely higher. Similar IC analysis for F revealed that its concentration (in terms of
Celotex) was 0.9g F/kg Celotex. The concentration of F in the solution would therefore be
0.007M. The Celotex solution was also tested for the presence of microbes. It was determined
that the bacteria diptheriods bacillus was present at higher concentrations then those found
normally inthelab. Whileit has not been determined if the bacteria originated in the Celotex, it is
almost certain that their ability to reproduced was aided by the nutrients found in the Celotex.

Namely the sugar cane.



The difference between the CI/F concentrations determined in the LLNL I1C analysis of
Celotex and those determined here likely owes to the differences in the extraction methods. Here
the Celotex was shredded into small, 2-0.5 cm pieces, and allowed to soak in solution for
approximately three weeks prior to use. Inthe LLNL method, the sample sizes were 5-10 grams
and no mention of grinding/shredding the Celotex was reported. Further, the samples were only
allowed to soak in solution for 2 hours prior to IC analysis. Therefore, it islikely that the smaller
particle sizes and longer soak times allowed more of the free available chloride to dissolve into
solution.

The open circuit potential (OCP) as a function of time for S200F Be in the deserated
Celotex solution is presented in Figure 1. Asthe OCP risesto -0.850 V SCE, transients in the
potential time curve not observed at lower potentials begin to appear. These potentia / time

transients at longer immersion times are an indication of pitting corrosion.
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Figurel Open circuit potential as afunction of time for S200F Be in Celotex solution.



A typical potentiodynamic polarization curve for Be in the Celotex solution is presented in
Figure 2. For comparison, a polarization curve for Bein 0.01M NaCl is presented in Figure 3.
For Bein 0.10M NaCl solution pitting corrosion is observed at potentials above -0.950 V vs SCE.
Thisis the pitting potential for Bein 0.01M NaCl. It is characterized by large changesin the
current density for very small changesin the applied potential. Upon removing this sample from
the chloride solution large corrosion pits were observed. For Be in the Celotex solution, large
changesin the current density were measured for very small changes in the applied potential at all
potentials above the OCP (Figure 3). Once again, this response istypical for materials which are
susceptible to pitting corrosion in this environment. Upon removing the Be from the Celotex
potential for Be in a solution containing 0.008M chloride (the concentration found in the Cel otex
solution) is-0.865V vs SCE (see equation in Figure 5). This value compares well with the
observed pitting potentials of approximately -0.850V and -0.870V vs SCE and the theoretical
curve in Figure 5. However, the theoretical pitting potentia calculated from the LLNL CI
concentration analysis does not compare well with the measured pitting potential. As shown in
Figure 5, the values predicted from the LLNL analysis are approximately 50 - 75 mV more
negative than the observed pitting potentials for Bein ClI. More negative values are consistent

with an underestimation of the Cl- concentration.
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Figure?2 Potentiodynamic polarization curve for S200F Be in Celotex solution.

-09 LAY DL L DL L. LB, L ALLLLL DL L ELLLLL BRI L

-0.95 - pitting potential (Ep“)_) —

b .

i ¥ .
SO 105t E
o :

< -1.1 F .
83 [ ]

115 ] < OC passive current density E
12 b =
_125 : . | IEETTTY BT | M. TTTY PRI PRI |

10*° 10° 10° 107 10° 10° 10* 10°
Current Density (amps/cm?)

Figure3 Potentiodynamic polarization curve for S200F Bein 0.10M NaCl



Figure4 Photo-micrograph showing corrosion pits in Be S200F after polarization in Celotex
solution.
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Figure5 Pitting potential for Be S200F as a function of chloride concentration.
Measurements made in dearated NaCl at ambient temperature. Graph aso presents pitting
potential observed in Celotex solution based on LLNL calculation of chloride concentration and
LANL.

Conclusions

These results indicate that storage conditions which may expose Be to a combination of
Celotex and moisture will result in pitting type corrosion of the Be.

It isimportant to note that this brief report has not attempted to address the effect of other
constituents in the Celotex on the corrosion of Be. Specificaly the presence of fluoride and
diptheroids bacillus. Fluoride is known to cause pitting corrosion in aluminum and other
materials. Thereis no reason to suspect that Be isimmune from F attack. Moreover, given the
fact that Beisless resistant to pitting attack from ClI” than Al, there is every reason to suspect that
Be will suffer from pitting corrosion in F containing solutions. Currently we are investigating the

effect of these congtituents and the exact atmospheric conditions (i.e. temperature, humidity,

Celotex dust levels) which will result in the pitting corrosion of Be.



